Abstract High mortality, morbility and hospitalization as a result of acute heart failure (AHF) represents an increasing public health dilemma. A prompt and appropriate therapeutic approach in the management of AHF has been demonstrated to be of great importance in reducing patient mortality and in-hospital length of stay. As consequence, at the moment of patient presentation, it is of great importance to make a fast and accurate diagnosis and risk stratification. Although an global clinical evaluation is mandatory, in some cases the signs and instrumental findings are not sufficient for a complete patient's diagnosis and risk stratifications. Multiple studies demonstrated that biomarkers assessment plus clinical judgement provide additional diagnostic and prognostic value in AHF patients. Moreover, data from the literature demonstrated the utility of a multimarkers approach in patients with heart failure in order to ameliorate diagnostic and prognostic accuracy. This paper is dedicated to addressing the actual state of the art on the utility in the management of acute heart failure of the following biomarkers: natriuretic peptides, procalcitonin, MRproADM, copeptine, neutrophil gelatinase associated lipocalin and galectin 3.
Introduction
Acute heart failure (AHF) is a growing epidemic affecting millions worldwide. In the USA, AHF carries a high re-admission (29.6 %) rate and a high short-term mortality (8.6 %) rate [1] . The AHF registries have shown that the patients are usually age [65 years, and have multiple comorbidities which are poorly controlled possibly due to dietary and/or pharmacological non-compliance. This results in re-admissions and longer in-hospital stays [2] . With a population estimated to have twice the number of older individuals in the next two decades, effective management and treatment of AHF is imperative in order to cut growing health-care costs and reduce the burden of disease [2, 3] . Moreover, the rapid worsening of symptoms as seen in patients with AHF, in conjunction with involvement of other organs triggered by a failing heart, make it difficult to timely and appropriately treat these patients [4] . A large number of AHF patients initially present through the ED, and the majority of these patients have dyspnea which, on the basis of clinical examination, is often difficult to distinguish from non-cardiac dyspnea delaying treatment and worsening heart failure (HF) [5] . With the growing body of evidence concentrating on various methods for tackling the task at hand, biomarkers have been the focus of much attention and gaining popularity in the diagnosis and prognosis of patients with AHF. The utility of natriuretic peptides in identifying patients with cardiac from non-cardiac dyspnea has made them effective tools in the arsenal of AHF diagnosis and treatment. Furthermore, several other biomarkers such as troponins, procalcitonin and NGAL have provided robust evidence in diagnosing and guiding therapy in AHF patients. This chapter will provide a brief description of the aforementioned biomarkers as well as newer emerging biomarkers such as Copeptin and Galectin 3 with promising potential in aiding diagnosis and risk stratification of AHF patients and possibly laying the framework for biomarker guided multimarker strategy.
Definition and Classification
Clinically AHF can be defined as a syndrome involving rapid or gradual worsening of symptoms and signs secondary to abnormal cardiac structure or function leading to pump failure and inability of the heart to meet tissue oxygen demands [2, 4, 6] . Clinical signs used to diagnose HF include, jugular venous distension and elevated jugular venous pulse, third heart sound (S3), and chest x-ray imaging to look for pulmonary venous congestion. Although these tests carry high specificity, they lack sensitivity and diagnostic accuracy.
Patients with AHF can be classified into two sub-groups namely de novo or acute decompensated heart failure (ADHF) based on clinical manifestations of their symptoms and signs. Those with new onset HF secondary to an inciting event such as MI constitute de novo HF; whereas those patients with worsening of pre-existing chronic HF resulting in a decompensated state are said to have ADHF [3, 6, 7] . Furthermore, patients with chronic HF can be further classified based on their ejection fraction (prognostic marker of ventricular function) into those with preserved EF (HFpEF) and those with reduced EF (HFrEF). Systolic HF is comprised of patients with EF \35 %, such patients tend to be older and are most likely to have hypertension and atrial fibrillation than CAD. Diastolic HF is comprised of patients with HFpEF including high LV filling pressures and impaired ventricular relaxation [6, 7] .
Pathophysiology
The AHF patients often have decreased tissue perfusion due to reduced cardiac output and increased tissue congestion due to an elevated pulmonary capillary wedge pressure [8] . According to the AHF registry database (AHEAD), in patients with de novo HF, 51.3 % had acute coronary syndrome; whereas in patients with ADHF, 36.9 % had chronic coronary artery disease. Other etiological factors predisposing to AHF included hypertension, arrhythmias and valvular disorders [9] . In patients with new-onset HF or de novo HF is a result of an initial inciting event such as myocardial infarction, resulting in decreased left ventricular contractility and poor cardiac output. Suppressed left ventricular contractility often results in elevated left ventricular end diastolic pressure and pulmonary congestion leading to dyspnea, the chief complaint of patients presenting with HF [10] . In older patients with multiple comorbidities, this phenomenon is aggravated by the presence of stiff arteries leading to an increase in afterload and a further worsening of pulmonary dyspnea. Such patients with chronic worsening of their HF present in an acute decompensated state with increased dyspnea and fluid overload. Studies have shown that the injudicious use of diuretics in such patients often has poor outcomes due to resulting renal insufficiency [11] . The inability of the body to maintain euvolemia (normal fluid status) results in the activation of certain compensatory mechanisms, namely activation of the renin-angiotensinaldosterone system, sympathetic response and activation of the inflammatory cascade [12] . These pathways function synchronously to maintain fluid status and can lead to further worsening of HF in the long run.
Ideal Biomarker in Acute Heart Failure
The role of an ideal biomarker in patients with HF has evolved significantly over the past decade. Since the first proposed outline put forth by Morrow and Lemos [13] researchers have delineated several criteria a novel biomarker must fulfill in order to provide an accurate estimation of ongoing disease severity. An ideal biomarker must be highly sensitive and specific and reflect abnormal physiology and biochemistry, moreover, biomarkers must be cost-effective, have a low coefficient of variation and must be usable across diverse groups. Biomarkers must also be able to provide prognostic information and their levels must correlate with disease severity and reflect changes to HF treatment and therapy [14] . As the number of biomarkers utilized in the diagnosis and prognosis of AHF patients grows substantially, a single biomarker meeting all of the mentioned criteria is unrealistic, thus studies have shown that in order to achieve maximum utility of biomarkers, a multi-marker paradigm in diagnosis and treatment of AHF must be considered.
Natriuretic Peptides
The natriuretic peptides (NP) consist of circulating proteins released in direct response to increased pressure and volume overload in the ventricles [15] . Studies have shown that NPs not only provide valuable information in allowing the identification of patients with cardiac dyspnea from non-cardiac dyspnea but also provide significant prognostic information on short-term mortality and treatment outcomes [16] . The NP levels have also been used to titrate treatment in AHF and provide a better understanding of the ongoing physiological processes seen in patients with AHF. The NPs include atrial natriuretic peptide (ANP), B-type or brain natriuretic peptide (BNP), C-type and recently isolated D-type natriuretic peptide [17] .
The ANP, as the name suggests, is mainly secreted from the atrial myocytes also in direct response to stretch. With a 99-26 amino acid structure, ANP, once in the circulation, leads to kaliuresis, natriuresis, suppression of the reninangiotensin-aldosterone system (RAAS) and sympathetic response [15] [16] [17] . Studies assessing the regulation and release of NPs have shown that BNP is superior to the other NPs mainly due to its longer half-life and possibly explained by a lack of affinity to clearance receptors. Furthermore, the nature of BNP release, which is in short bursts in direct response to ventricular volume and pressure from secretory granules, results in a rapid release into the circulation [18] .
The BNP was initially isolated from the porcine brain in 1981 by de Bold et al. [19] . In humans, BNP consists of a 32 amino acid structure and is secreted into the circulation along with its inactive N-terminal fragment with a 76 amino acid structure [17, 18] . The BNP mRNA up-regulation occurs in response to increasing left ventricular pressure and volume resulting in myocyte stretch. This leads to formation of the precursor propeptide proBNP, which is then cleaved by serine proteases to give the biologically active BNP and inactive N-terminal fragment of BNP. Once in the circulation for almost 21 min, BNP binds clearance receptors, namely NPRA and neutral endopeptidases, and is renally cleared [20] . The inactive N-terminal fragment of BNP propeptide is present in the plasma for a longer time (70 min) due its poor affinity to clearance receptors, moreover, researchers have shown that NTproBNP levels significantly correlate with HF disease severity and can also be used to aid in the diagnosis and risk stratification of such patients [20, 21] .
Diagnostic Utility of Natriuretic Peptides in Acute Heart Failure
The utility of BNP in the diagnosis of HF in the emergent setting was revolutionized by Maisel et al. [21] . demonstrating that in 1586 patients presenting to the ED with a chief complaint of dyspnea, a BNP level of 100 pg/ml carried 90 % sensitivity and 73 % specificity in diagnosing HF. Adding BNP to clinical judgment improved its diagnostic accuracy from 74 to 81 %; moreover, BNP was found to be superior to the NHANES and Framingham criteria which are widely used in the diagnosis of HF. Left ventricular systolic dysfunction is often seen on patients with AHF.
The BNP levels have been shown to significantly correlate with systolic dysfunction. In a prospective study comparing neurohormonal markers in assessing left ventricular dysfunction after acute MI, results revealed that BNP had the strongest inverse relation to left ventricular ejection fraction. Patients that developed HF on follow-up (80 %), all had elevated BNP levels, moreover, BNP achieved 84 % sensitivity, 77 % specificity and 95 % negative predictive value in development of left ventricular failure [22] .
The multicenter REDHOT trial [23] assessed the perceived severity and clinical decision making among ED physicians with respect to BNP levels obtained at admission. Clinicians often rely on physical examination findings and resolving symptoms to help decide the appropriate time to discharge the patient. The study revealed that there existed a disconnect between perceived severity of illness by ED physicians and severity determined by BNP levels. The study concluded that using BNP levels to aid clinical decision making may prove favorable by limiting length of stay, and improve risk stratification by accurately identifying those at high risk especially if BNP levels were[200 pg/ml.
Several studies thus far have documented a significant correlation of both BNP and NT-proBNP with left ventricular filling pressures. Iwanaga et al. [24] demonstrated that in 160 patients presenting with HF, BNP levels strongly correlated with left ventricular end-diastolic wall stress (r = 0.887, p \ 0.001), also, the correlation between BNP levels and left ventricular end-diastolic pressure was significant (r = 0.29, p \ 0.001). A substudy of the NP in the community study assessed the prognostic utility of NTproBNP along with echocardiography to predict death and/or re-admissions in an elderly population of 228 participants [25] . Results revealed that patients with high diastolic filling patterns as determined by echocardiography, in addition to elevated NT-proBNP levels, had the worst survival.
Although BNP and NT-proBNP levels are unable to distinguish systolic from diastolic HF, studies have shown that NPs correlate with diastolic wall stress and dysfunction. Tschöpe et al. [26] demonstrated that NT-proBNP levels strongly correlated with isolated diastolic dysfunction and increased severity of diastolic dysfunction (r = 0.67, p \ 0.001). The NT-proBNP demonstrated the strongest negative predictive value (94 %) for diastolic dysfunction.
Prognostic Utility of Natriuretic Peptides in Acute Heart Failure
The prognostic utility of NPs in risk stratification and predicting mortality and morbidity in patients with AHF has been well documented [27, 28] . In an attempt to assess if admission BNP levels were predictive of in-hospital mortality in patients with ADHF, BNP levels obtained within 24 h of presentation in 48,629 patients from the national registry database revealed that elevated BNP levels at admission were significantly associated with in-hospital mortality in patients with ADHF. Those in the highest quartile of BNP levels had the highest in-hospital mortality rate (with BNP [1,730 pg/ml in-hospital mortality was 6 %) even after adjusting for variables such as age, gender, SBP, BUN, creatinine, sodium, pulse and dyspnea at rest [29] . In a multi-center study of 287 patients presenting to the ED with ADHF receiving AHF treatment, BNP levels measured at admission, 24 h, and at discharge revealed that an absolute BNP reduction of [46 % at discharge in combination with BNP levels \300 pg/ml also at discharge had the most favorable outcomes and least amount of re-hospitalizations and deaths [30 • ].
The cost-effectiveness of using BNP levels were highlighted in the BASEL study [31] which revealed that testing BNP levels using a rapid bed-side assay in conjunction with physical examination and clinical judgment was able to reduce mean treatment cost and length of stay. Participants were divided into two groups, one which received therapy guided by BNP levels and the control group which received therapy according to existing clinical guidelines. Those in the BNP group also had reduced need for hospitalization and intensive care [31] .
Similarly, the utility of NT-proBNP levels in ADHF prognosis achieved substantial results. Bettencourt et al. [32] demonstrated that in 182 patients admitted with ADHF, variations in NT-proBNP levels from admission along with signs of volume overload were independent predictors of adverse outcomes. In order to assess N-terminal proBNP levels in response to treatment, participants were divided into three groups. The groups were those with NT-proBNP levels decreasing with therapy, those with no change in NT-proBNP levels from baseline and those with increasing NT-proBNP levels. The study demonstrated that patients with re-admissions had elevated NT-proBNP levels. The rise in NT-proBNP levels of [30 % during hospitalization was strongly associated with adverse outcomes.
These studies underline the efficacy of NPs in managing patients with AHF. The NPs response to treatment can be used to titrate therapy in patients with AHF. The NPs provide additional diagnostic and prognostic value and their utility in combination with clinical judgment and physical examination may achieve the most favorable outcomes in treating AHF.
Caveats to Using Natriuretic Peptide
Interpretation of NP levels in patients with AHF can be sometimes confusing in the presence of other comorbidities and thus other factors affecting NP levels must be considered such as obesity, renal function impairment, presence of atrial fibrillation, and flush pulmonary edema. Moreover, certain NP values lie in the grey-zone requiring a more comprehensive effort in terms of physical examination and clinical testing in order to identify other causes of elevated NP levels as shown in Table 1 .
Troponins
The cardiac troponin complex consists of subunits C, I and T and are responsible for calcium mediated contraction of cardiac muscle [33] . Cardiac troponin I and T are specific to cardiac muscle and are released into the bloodstream as a result of myocyte necrosis [34, 35] . Once in the circulation, cardiac troponins are measurable for 4-10 days before they are cleared by the reticuloendothelial system and renally excreted [36] . Measuring troponin levels in patients with AHF offer information on ongoing myocardial damage, although it must be remembered that multiple other conditions such as local infection, or inflammation, myocyte stretch and other conditions causing cellular death can cause elevated troponin levels [37, 38] . In patients with AHF the mechanism of troponin release may be partly explained by the presence of myocyte stretch due to high filling pressures resulting in troponin leakage and spilling over into the circulation [39] . Several studies have demonstrated the adverse effect of elevated troponin levels in patients hospitalized with AHF. Arenja et al. [40] demonstrated that in 667 patients presenting to the ED with acute dyspnea, diagnostic accuracy of cardiac troponin I (cTnI) in diagnosing AHF achieved an AUC of 0.78 on ROC analysis.
The availability of highly sensitive assays has allowed the detection of even minute levels of troponins which are elevated in the blood after a period of cellular insult [41] .
In assessing the prognostic potential of high-sensitivity troponin I in addition to BNP, 144 patients with ADHF had these biomarkers measured at admission, during their inpatient stay and were followed for 90-days to check mortality and HF-related re-admissions [42 • ]. Results revealed that in hospitalized patients, elevated troponin I along with elevated BNP carried the worst prognosis (HR 15.97, p = 0.007) followed by those with low BNP but elevated troponin I (HR 12.94, p = 0.015). Serially measuring highsensitivity troponin levels in in-patients revealed that even the smallest elevation in troponin levels (cut-off 23.35 ng/ ml) was associated with poor prognosis [42 • ].
The utility of troponin levels in patients with AHF allows the identification of patients at high risk of mortality due to cardiovascular causes and those at high risk for readmissions. With a large number of patients with ADHF seeking re-admissions, monitoring troponin levels may provide a way to gauge treatment efficacy and allow titration of HF therapy.
Markers of Comorbidities Seen in Acute Heart Failure Patients

Procalcitonin
In humans procalcitonin release is induced by the bacterial endotoxin making procalcitonin an effective marker for ongoing bacterial infection [43] [44] [45] . Encoded by the CALC 1 gene, procalcitonin is a 116 amino acid containing peptide released from parenchymal tissue of liver, lungs, brain, adipose and formed by the cleavage of its precursor protein [44] [45] [46] [47] . In healthy individuals procalcitonin is produced primarily in thyroidal c-cells where it undergoes further processing to yield mature biologically active calcitonin [45, 46] . The AHF patients often present with pulmonary bacterial infections such as pneumonia, which is difficult to detect with conventional tests such as chest x-ray and blood testing. This leads to misdiagnosis of underlying pneumonia since the majority of these patients with AHF present in the ED with a chief complaint of dyspnea, which is difficult to distinguish using conventional blood tests and a chest x-ray [48
Maisel et al. [48 • • ] demonstrated that procalcitonin was useful in identifying patients with AHF and underlying pneumonia. The study evaluated patients with AHF who presented to the ED and identified those with pneumonia and those receiving antibiotic use, following which procalcitonin levels were measured in these individuals using sensitive assays. Median Procalcitonin concentrations in patients with pneumonia were 0.18 ng/ml (IQR 0.07-0.58) and 0.07 pg/ml (IQR 0.05-0.12) for those without pneumonia. Using procalcitonin levels improved diagnostic accuracy and physical estimates of diagnosing pneumonia in patients with AHF. The study also suggested that, if procalcitonin levels were [0.21 ng/ml, antibiotic use improved survival in these patients suggesting the possibility of procalcitonin guided antibiotic use in AHF patients.
Neutrophil Gelatinase Associated Lipocalin
Neutrophil gelatinase associated lipocalin (NGAL) contains a 178 amino acid structure and is secreted from the neutrophils and epithelial proximal tubules in response to ischemia [49] . Studies have shown that NGAL levels are superior to creatinine in predicting early renal ischemia [49] [50] [51] . Physiologically, once released, NGAL performs multiple functions. The NGAL functions as an iron-binding siderophore acting as an iron-transport protein to prevent bacteria from utilizing iron stores for cellular growth. The NGAL also triggers nephrogenesis by stimulating conversion of mesenchymal cells into kidney epithelia thus enhancing epithelial phenotype. Finally, NGAL facilitates recycling of iron by its ability to be endocytosed by the proximal tubule thus limiting iron-mediated toxicity [49] [50] [51] .
In patients with AHF, worsening renal function can be a result of multiple factors such as administration of nephrotoxic agents like intravenous contrast, or over diuresing leading to acute kidney injury [52, 53] . The NGAL is released into the circulation within 2 h of acute kidney low NP levels are possibly due to increased clearance via adipocytes, thus using low cut-off values may improve diagnostic accuracy in such patients e In the acute setting, NP levels may be deceivingly low, thus care should be taken to serially monitor NP levels in these patients f Patients with HF due to valvular disorders, pericardial tamponade/ constriction, which are upstream from the left ventricle, may also exhibit low NP levels. When suspecting HF, BNP \100 pg/ml ''rules out'' HF whereas BNP [100 pg/ml ''rules in'' HF. Similarly for NTproBNP levels, age-stratified diagnostic levels can be used to ''rule in'' or ''rule out'' HF injury and serves as an excellent marker for worsening renal function. In a single center prospective study, NGAL levels were obtained at admission, and at 48 and 72 h in patients diagnosed with ADHF. Results revealed that patients with worsening renal function (defined as serum creatinine [0.3 mg/dl from admission) had higher admission NGAL levels (194 vs. 128 ng/ml, p = 0.01) whereas serum creatinine levels were in the normal range. The NGAL level [140 ng/ml yielded 86 % sensitivity, 54 % specificity and 86 % negative predictive value in detecting worsening renal function [53] .
The GALLANT trial [54] demonstrated that NGAL levels along with BNP served as an excellent indicator of adverse outcomes in 188 patients presenting to the emergency department with ADHF. On Cox regression analysis in assessing re-admission and all-cause mortality at 30-days, log NGAL levels were significant predictors of adverse events along with BNP where as neither serum creatinine nor estimated glomerular filtration rate achieved significance. Further analysis revealed that those with elevated NGAL levels ([100 ng/ml) but lower BNP levels (\330 pg/ml) had HR of 9.95 (p = 0.036) and HR of 16.85 (p = 0.006) if both markers were elevated.
Creatinine is a poor indicator of early developing renal injury and, in patients with AHF presenting to the ED, measuring NGAL levels may help identify those patients at risk of worsening of renal function and, thus, may prevent overuse of pharmacological/nephrotoxic agents in these patients. Furthermore, patients with elevated BNP and NGAL levels at discharge must be identified in order to effectively tailor treatment in these patients and prevent progression of HF and protect renal function.
Emerging Biomarkers in Acute Heart Failure
Copeptin
Copeptin is a glycosylated peptide with a 39 amino acid structure secreted in equimolar concentrations with arginine vasopressin (AVP) from the hypothalamus [55] . Studies have shown that due to limited availability, and rapid clearance from the circulation, measuring AVP in the plasma is difficult [56, 57] . Copeptin is secreted from the AVP precursor protein along with AVP and neurophysin II, and due to its stability in the plasma, measuring copeptin levels are beneficial. The main function of AVP is in maintaining hemodynamic stability by reabsorbing water at the renal tubules in direct response to changing plasma volume and osmolality [57] [58] [59] .
The large-scale study to date evaluating prognostic utility of copeptin in AHF patients was conducted by Maisel et al. [60] demonstrating an increased risk of 90-day mortality, high re-admission rate and ED visits related to HF in patients with elevated copeptin levels. Copeptin's effects are mediated via VI and V2 receptors leading to progression of left ventricular hypertrophy and myocardial remodeling [57] [58] [59] . The study also demonstrated a lack of correlation between sodium and copeptin in this study, possibly explained by the complex underlying physiology of water and sodium regulation. On univariate analysis, copeptin along with NT-proBNP were significant predictors of mortality with HR 2.87 for copeptin and HR 3.46 for NT-proBNP (p \ 0.001 for both). On multivariate analysis, sodium along with copeptin and NT-proBNP were significant predictors of mortality (copeptin: p = 0.007, HR 2.115; sodium: p \ 0.001, HR 2.739; NT-proBNP: p \ 0.003, HR, 2.383) Thus, elevated copeptin levels in patients with AHF is a definite sign of poor outcome, especially in the setting of hyponatremia, and adequate measures must be taken to prevent progression of HF in these patients [60] .
Galectin-3
Galectin-3 belongs to the family of b-galactosides and in patients with HF is responsible for mediating cardiac fibrosis and ventricular dysfunction by activating fibroblast production [61, 62] . In an effort to demonstrate the diagnostic and prognostic utility of Galectin-3 along with NPs, Kimmenade et al. [63] showed that in 599 patients with acute dyspnea presenting to the ED, Galectin-3 levels independently predicted 60-day mortality (OR 10.3, p \ 0.01) yielding an AUC of 0.74 superior to NT-proBNP and apelin on ROC analysis. In diagnosing AHF in dyspneic patients, galectin-3 performed second best to NT-proBNP on ROC analysis producing an AUC of 0.72 vs. 0.94 for NT-proBNP and 0.52 for apelin, an endogenous inotropic peptide. Although studies exploring the utility of Galectin-3 in patients with AHF are upcoming, its role in progression of HF remains intriguing and can be seen as a potential for targeting treatment in order to halt the progression of HF.
Conclusion
Biomarkers in AHF reflect distinct pathophysiological events and play a very specific role in the diagnosis and risk stratification of these patients. They are an essential tool, and when used as an adjunct to ancillary testing, provide the best outcomes for the patients. The NP continue to be extremely useful in identifying volume overload and when used in conjunction with procalcitonin can be useful in identifying patients with superimposed pneumonia. Interpreting NP levels must be undertaken with care especially in patients with underlying pulmonary/renal disease. Moreover, in patients with ''grey-zone'' values, care must be taken in further investigation as to the cause of elevated biomarker levels . The utility of NGAL seems to be in identifying sub-clinical ischemia especially in the acute setting, wherein creatinine seems to be a poor marker of worsening renal function. Furthermore, it can be used together with BNP can help identify patients with volume overload in need of diuretic treatment so as to prevent overdiuresis and avoid further worsening of renal function. Finally the new and upcoming biomarkers provide more information on cardiac remodeling and are indicative of AHF progression, monitoring these biomarkers in hospitalized patients with AHF may help identify those at high risk of worsening HF. Biomarkers allow monitoring response to treatment. Moreover, using multiple biomarkers in bio-monitoring and guiding treatment may prove beneficial in improving mortality associated with AHF.
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